
Contributed Paper Submitted to: C0NF-900129--10

I I st Internauon_ Cosrmc Ray Con,.rence
Adelaide, Australia DE90 006668

• 6-14 January 1990

A _ " ,E_E_OPE FOR HIGH-Z PA "_'_'=euR_FT,CIlAMBEF__ ' e_

d. Is_ert, 1'2 H. J. Sr_wford, 3 T. G. Guzik, I M. Hof,2

K. D. Mathis, j J. W. Mitchell," J. Neuhaus, 2 M. Simon,c, J. P. Wefel, I

ILoq.isianaState University, Baton Rouge, LA USA
.2

LUniversitat Siegen, Siegen, West Germany

3Space Sciences Laboratory, Univ. of Calif., Berkeley, CA, USA

Abstract

Drift chambers are one of the position sensing technologies used in cosmic

ray balloon and satellite experiments with potential application to the next
generation of detectors for space flight. A low mass TPC type drift

chamber, employing 8 distinct drift regions within a single gas volume has
been built, tested and used at the LBL Bevalac (Hof et al., 1989). From the

drift time X-coordinate, spatial resolutions below 100 um are obtained for a

variety of heavy ions with selected trigger modes. The Y-coordinate is
determined by pickup pads located behind the anode wire, thereby providing
both X and Y coordinates from the same avalanche. Results from different

timing schemes, 6-ray effects and the pickup pad resolution are presented.

Oolenhol Wires

Experimental Setup: An overal 1 Frome a Comode

schematic drawing giving the _._/,physical dimensions of the drift

chamber (DC)telescope is show,] in _J_ ___---T-
Figure I. To minimize scattering Anodes- IIIIIIIIIII_1111_, _ ,ItF _
and interactions, the drift chamber Grid 12c'.m
was designed as a !
single gas volume with only the thin .... l_
entrance and exit windows and the Z IY

front and rear potential wires (1 cm : ltcm ' X
spacing) in the path of the

particle. This design also gives a

very uniform electric field Figure I: Schematic of the drift chamber
throughout the chamber, but allows

only the X coordinate to be measured
using drift times. Eight

measurement regions, or drift

planes, were defined, evenly spaced e,_,a_-_.

along the length (Z axis) of the A,,_ _-I .................._i

chamber. A mixture of 90% argon and
10% methane was used. _a P_ne4 [

planes giving the relative spacing G,_P_,,-_ _

o, .e - ..... .......iwires, along with the sense wire
readout scheme, is shown in Figure pod

2. The mounted sense wire (0.03 IT[n, G,_,,__r .........-_........-
gold plated tungsten) were narrowly ..... Iz
spaced, each wire having a distance x
of 6 mm to its neighbors, and were

all held at the same voltage. Thus,

each wire sampled the ionization Figure 2: Drifl planes (top vie_)
along the heavy ion track only over'

a small region 3 mm on either side ' I "

[-- - j ..
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of the wire. This arrangement favors short duration signal5 and a large

dynamic range. Six adjacent wires were ganged to form a drif't plane, and
the combinea szgnai was lea into one preamplifier. The 8 planes were reaa
out in a conventional start and stop technique using a Lecroy 4208 TDC

system (24 bit, Ins resolution). The stop was derived from the sense _,ire

signal by means of a discriminator. The thresholds of all 8 planes were the
same.

The analog electronics for pads and wires

were housed in a copper shielded box directly ! / 2_Fe(8_Mey/n}attached to the DC to suppress external

noise. We succeeded in operating the whole "i

experimental device in the Bevalac environment .! HV:I690V
with a noise level of 2 m_ (rms) following the ".

preamplifiers. A variety of different heavy t
I I I 1 1 I

ions, ranging from nitrogen to iron, were 1000 8000 3000
used, and for some runs the DC wire signals

were recorded with a high speed waveform

digitizer (Lecroy 6880, 1.36 GHz sampling
rate). This allowed different timing schemes

to be tested as well as the shape of _'individual wire signals to be ana±yzed, v

' fv _!Drift Chambers and the 6-ray Problem: Singly : HV=2_OVl
chargea particles create a low ionization " ,
density which influences the timing due to , I l I I l

diffusion and clustering (Kobayashi, et al., 1000 2000 3000
1987). The high ionization density in heavy
ion tracks reduces these fluctuations,

(Schultz et al., 1978) but heavy ions Figure3: Waveformfor S6Fe
create 6-rays which lead to false stop signals
(Simon et al., 1984; 1982).

Figure3 shows the waveform
recorder output for two different

sense wire voltages. When the _ :so
sense wire voltage is high, _ o_;:2_0mvHV : l_O0 V
(bottom picture), a signal is

present for the whole drift time, B 2oo- ,/,le_Mev/_)
indicating that 6-rays are widely a • hxed

spread in the gas volume. This iS _ _//d_tr,m,_t_

most pronounced for iron, and even xCx_T" __,shom.under these conditions the main 750 hkL r _nstan_

peak which belongs to the real l_"_I_i_ti0n
iron track is observed clearly __ c,nt,ror

above the 6-ray "noise", although _o _'--_-¢horgegravify

it is electronically saturated, s0 _ 7s0 2_ _0 "
With moderate charge amplification rhreshole{eV;
(top picture) the 6-ray background

is suppressed and the heavy ion is

easily detectable. With this Figure 4: Comparison of timing schemes
arrangement, it i_ possible to

cover the range from nitrogen to
iron with the same sense wire voltage.

Timin_ Schemes: We compared 3 different tlming schemes: Fixed th,eshold,
Constant Fraction and Center-of-Gravlty timing. Figure 4 snow_ u,ese

techniques applied to iron particles. Constant fraction timzng i5 performed

on the leading edge of the signal, triggering at a certa*n Fraction of the
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amplitude, and this compensates for- Fluctuations tn the signal amplitude,
improving the overall resolution. For" center-of-gravity timing, the mean o£

e signal ...... the two FWHM v...... :s .......... used fo-"

analysis This also improves the spatial resolution over" fixed tl_resnold

timing and is about equivalent to the constant fractLon method.

Y-coordinate: The Y-coordinat, was found using an image charge tech_ique

measuring the induced charge on pick-up pads, 32 of which were StdckeJ
vertically 5 mm behind each set of ganged sense wires. The signal from each

pad was amplified and fed into one of a 32 channel sample and hold stage,
whose hold signal was derived from the stop signal of the corresponding

plane. All 32 sample and hol_ outputs were fed into a 1 x 32 multiplexer"

which was read out by a speciflcally designed microcomputer, whicl_also

calculated the center of'gravity of the induced charge to get the position

of the avalanche along the wire. The Y-computers were read out through the
CAMAC readout system of the experiment.

Experiment" The De-telescope was '°°I_ ' ' ' ' _ ' ' _ _ I
u:_ed in a fragmentation experiment _,_
to study the fragmentation of Si i _ X-Ceor_nate

at 245 MeV/n, using fixed '_°_ '\ I
threshold timing to cover the m_ _, H

dynamic range from silicon to _ =oo_ \
beryllium. Figure 5 (top) shows ._ _ "__r._
the resolution obtained with l,his _ m

setting for the drift LI x__
coordinate. The similarity Ln _o|
shape to Figure 4 (fixed mb

threshold) indicates that there is ,_11 _ _ i l i _L _ _ _ i L

an opti_l setting for the _oooi , E ........
!

threshold relative to the signal ,oo_
amplitude. The bottom plot on i \,. Y-Coor_oate
Figure 5 shows the resolution for 1
the Y-coordinate, the pads, which I i
is independent of charge over a ,ooL '_,

!arge range, from silicon to _ _\

carbon. The reduced resolution _ \
for Z<6 is due to limited ADC ,_ \

range. I

We also observed space charge ,o_ _'--'_-...= .....
effects during this experiment.
Due to the much lower ion drift '_ _ _ _ _ _ _ _ _ _ _ _ iB_ B C N 0 F Ne N_ M_ _ Si
velocity, an additional electric
field was created in the direction

of the Y-coordinate. This ftel_

pointed tc the center of the drift Figure5: Positionresolutionversus charge
chamber, thereby increasing the
electron path in the direction and

lowering the actual Y-coordinate.

Concluslon" Drift chambers are capable of measuring heavy ion tracks with a

precision better than reported for singly charged particles (Buck et al.,
1986). However, to obtain such resolutions, a DC must be operated at

moderate charge amplification to avoi_ 8-ray effects. The fixed threshoid
results show that there is an optimal setting for the discriminator between

about QO and 60% of the signal amplitude (Hof et al., 1989).
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Three different timing techniques have been tested co determine their

effects on spatial resolution. Constant fraction and center of gravity

t_-'.,.zngare both superior to fixed threshold timing...............n,,_results show _=r

drift chambers can give excellent spatial resolution over a wide range in

particle charge.

In addition, the charge imaging technique can be used with heavy ions.

The pad system gave reasonable spatial resolution, about a factor of three
worse than the drift system, but better 0.5 mm.
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